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Specifications 

1. Name of invention: Semiconductor Integra ted-Circuit 

Testing Device 

2. Scope of patent application 

1) In a semiconductor integrated-circuit [Kareafrer, re- 
translator] testing device which is eauiooed with at least a semi- 
conductor test-processing means (11)*, a~grouo of multiple 
measuring electrodes (12) connected to said semiconductor test- 
processing means (11), a stage-drive means (13) to mount and move 
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a test ooject (15) and a test control means (14) to confcl the 
said semiconductor test-prccessing means (11) and stage-drive 
means (13), and which vertically aligns the said test object (15) 
with the group of measuring electrodes (12) after which it tests 
tne said test object (15) — 

A semiconductor ic test device characterized by having the afor e - 

? r . ou ? or measuring electrodes (12) ecuiooed with contacts 
{L2 r> £re square ir. cross section cr scruare in cross sectic- 

wicn multiple projections made on the side for conta-t- nc the 
arcresaid test object (15) . 

2) A semiconductor integrated circuit testing dsvice which is 
as m Patent Application Item 1 and which is characterized bv ona 
contact (12a) of the measuring electrode grout- (12) contacting 
one or more of the contacted electrodes (15a) of tne aforesaid 
test object (15) . 

3 . Detailed explanation of invention 
Summary : 

Bearing on a semiconductor IC testing device, ana particularly on 
a device that makes the measurinc electrode grouo "contact the 
semiconductor chip's pad electrode group, — 

And for the purpose of doing good precision tests bv having the 
said measuring electrode group and pad electrode grouo make con- 
tact not at one point but actively make one measuring" electrode 
contact multiple pad electrodes so as to reduce such things as 
contact drop-off that influence the measuring voltage, — 
A first device equipped at least with a means for semiconductor 
test-processing, a group of multiple measuring electrodes connec- 
ted to the above means for semiconductor test-prccessina, a means 
ror moving a stage on which test objects are set and moved about, 
and a test-control means to control the above semiconductor test- 
processing means and stage-drive means; this same device also 
being so made that the above group of measuring electrodes on the 
semiconductor IC for later testing the said test object include 
installed contacts that are square in cross section or square in 
cross section and have multiple projections on the side in 
contact with the above test object, — 

A second device made with the capacity for one contact of the 
first device's measuring electrode group to contact one or more 
or tne above test object's electrodes. 

Field for commercial utilization: This invention is one bearing 
on a semiconductor IC testing device and more specificallv bear- 
ing on a testing device which makes a measuring electrode" group 
contact a semiconductor chip's pad electrode grouD and test such 
things as its integrated circuits. In recent'years, with the 
higher integration and high miniaturization of semiconductor IC 
devices, there is a trend for pad electrodes placed on one chip 
to number from dozens to hundreds. So, there is demand for test 
devices which, in supplying a testing voltage to the said inte- 
grated circuxLs, can attain contact under gcod electrical 



conditions betv- n the pad electrode grouped the measuring 
electrode group. v y 

Usual technology: Figures 6 and 7 are diagrams illustrating the 
usual case. Fig. 6 diagrams the makeup of the usual semiconduc- 
tor IC testing device. 

In the figure, the testing probe device's semiconductor IC 
testing device consists of semiconductor test-orocassing circuit 
1, multiple probe needles (measuring electrode grcuo) 2b attached 
to prooe cccy 2a, stage-drive device 3 which mounts' semiconductor 
cevice 3 ana moves on X, Y and Z axes, and test control device *~ 
that controls incuts and cutouts of semiconductor test-control 
circuit 1, stage-drive device 3, etc.... The function of the sa<d 
device is to position probe needle 2b vertically with respect to 
pac eiectrcde 5a of semiconductor chio 5 ir.corcoratinc v=^-iou-* 
•-vpes or electrical circuits, and then, to make* probe needle 2b 
correct pac electrode 5a so as to do various functional and 
operating tests of the electrical circuits within said 
semiconductor chip 5. 

Also, the same figure's diagram within the dotted circle shows a 
situation v/here pad electrode 5= suooiving the source voltage"--' s 
contacting probe needle 2b. ' 

J? this same part of the figure, as semiconductor ICs become 
highly integrated and miniaturized, pad electrode 5a supplying 
trie power lines up with 2-3 patterns just as do other oad 
electroo.es inputting signals, and connecting them to internal 
power-source lines L. This achieves a lessening of voltage droo- 
ori , dus to r ationalizing power-suoply handling which accompanies 
tnenigner integration, miniaturizing and transistor ooeration of 
semiconductor ICs. I.e., it increases the volume of supplied 
current. Also, one can improve the volume of current supplied by 
increasing pad electrode size; but that will invite delaved power 
supply processing due to such things as surface effects from 
high-rrequency traits . 

So, when doing power supply tests, one must make each orobe 
needle 2b contact pad electrode 5a. 

Problems invention seeks to resolve: Figures 7(a) and (b) are ' 
diagrams showing the problems with the usual case. Figure (b) 
shows an enlarged probe needle 2b. 

In th ?„£ igure ' e -9-/ with a 10x10mm semiconductor chip made with 
some 300-400 pad electrodes 5a with a width of some 500um, probe 
needles 2b naturally match the number of pad electrodes. Their 
installed thickness 6 1 will be 200-300um and the thickness 6 2 
of ,f h . eir poxnts will be some 30-50um. Also their arm length I 
will oe some 10mm. 

So, with the higher integration and density of semiconductor IC 
devices ana the narrowing of the pitch at which pad electrodes 5a 



are made, probe needles 2b naturally and inevitably become 
narrowed as well . 



This same figure (b) shows equivalent circuits between probe body 
2a and electrodes 5a. 

In this figure, Ri is the parasitic resistance of probe needle 2b 
and is determined by the material of probe needle 2b, its arm 
length i and sectional area S. Rc is the contact resistance and 
is determined by the area cf contact between probe needle 2b and 
pad electrode 3a and the conditions of their contact surfaces. 
Hence, the equivalent resistance between probe body 2a and pad 
electrode 5a becomes R4 + Rc. 

When doing functional and operational tests of the electrical 
circuits in the usual semiconductor chip 5, one makes probe 
needle 2b contact three pad electrodes 5a and passes a current, 
as in the dotted circJe of Fig. 6. This will make the equivalent 
resistance between the power source and electrodes 5a be 1/3 R4 
+ Rc-. 

However, due to the higher density and higher integration of 
semiconductor ICs, the trend is for this equivalent resistance to 
increase as probe needles. 2b become ever tinier. 

Due to this, voltages impressed by semiconductor test-processing 
circuits based on design data bring about a drop-off in the said 
equivalent-resistance voltage, and the internal power lines L in 
semiconductor chip 5 do not boost as they are designed to do . 

This causes such problems as the output level of ECL (emitter 
coupled logic) circuits not rising to design level due to power 
source voltage VCC not reaching design level, standard voltage 
VREF dropping and, while nothing is wrong with the semiconductor 
ICs, the semiconductor test-processing circuits of the testing 
device give wrong and poor findings. 

This invention was devised after considering such problems with 
the usual case; and it has the goal of providing a semiconductor 
IC-testing device that does not have a single contact point 
between the measuring-electrode group and the pad-electrode group 
but actively makes one measuring electrode contact multiple pad 
electrodes, reduces things like contact drop-off in the measuring 
voltage and so enables testing with good precision. 

Means to resolve problems 

Figure 1 diagrams the principles of this invention's semiconduc- 
tor IC-testing device. 

The first device is a semiconductor IC-testing device equipped at 
least with semiconductor test-ccntrol means 11, a group of multi- 
ple measuring electrodes connected to above semiconductor test- 
controL means 11, stage-drive means 13 mounting and moving test 



object 15, and ' it-control means 14 to corf ol the above semi- 
conductor test-control means 11 and stage-drive means 13. It 
also positions vertically the above test object 15 and measuring 
electrode group 12, and then tests said test object 15. The 
above measuring electrode group 12 is characterized by having 
square cross-section contact 12a or square cross-section contact 
12a with multiple protrusions on the side contacting above test 
object 15. 

The second device is characterized by one contact 12a of the 
first: device T s measuring electrode group 12 contacting one or 
more of the contacted electrodes 15a or above test object 15. 

Effects: In this invention's first device, contact 12a of 
measuring electrode group 12 is square in cross-section or has 
multicle crc trus icr.s installed cn its contacted sice. 

Due to this, whereas the usual probe needle makes a single-point 
contact, by making contact 12a square in cross section one can 
get surface contact between contacted electrode 15a of test 
object 16 and contact 12a. Similarly, in contrast to the usual 
case's one-point contact, by installing multiple protrusions on 
the contacted side of contact 12a, one can get many contact 
points between test object 15's contacted electrodes 15a and 
contact 12a. 

Consequently, since the area of contact is greater than the usual 
case, ^contact resistance is reduced, making it possible to lessen 
contact drop-off due to this. 

This means one can do testing of test object 15 with good 
precision. 

Also, with this invention 1 s second device contact 12a makes 
contact with one or more of test object 15's contacted electrodes 
15a. 

So, although three probe needles 2b as in the usual case are 
contacting the common power source, one can avoid the situation 
of dealing one to one with probe needles 2b and the pad electrode 
group- So, by having probe needles 2b that usually connect to a 
common power source combined as one square probe needle one can 
make its cross-sectional area greater "than the usual case, thus 
enabling one to reduce its own parasitic resistance with the 
square probe needle. 

Thereby, such problems as greater contact drop-off are reduced 
compared to the first device, and it becomes possible to test the 
test object 15 with good precision. 

Examples of application 

Next I will explain examples of applying this invention while 
referring to the figures. 



Figures '2-5 are' .agrams illustrating a casf^jf applying this 
invention's semiconductor lC-testing - device . 

(i) Explanation of first application example 

Figure 2 shows a diagram of the first application example of .this 
invention's semiconductor IC-testing device. 

in the figure, 21 is a semiconductor-testing logic circuit as one 
example of semiconductor test-management means 11, and is an LSI 
tester doing logic -operation and function testing of semiconduc- 
tor chip 2 5 which combines a variety of electrical circuits. 22 
is the probe card for one example of measuring electrode group 
12, and receives semiconductor chip 2 5' s . pad electrode data. 
Probe card 22 consists of probe body 22 arid probe needle 22b. 
Prcbe card 22 may be interchanged according to the integration 
size cf the semiconductor chin (LSI chip) renting semiconductor 
chip 25. 

The diagram within the dotted line in the same figure enlarges 
probe needle 22b and shows the situation where its contact 22c is 

contacting pad elect-rode- 25a of semiconductor chip 25. I will 
explain contacts 22 with Figure 3. 

23 is one example of the stage-drive device of stage-moving means 
13 and is what shifts the stage-mounted semiconductor chip 25 in 
the X, Y and Z axes. 24 is an example of the test-control device 
of test-control means 14, and controls the inputs and outputs of 
semiconductor-testing logic circuit 21 and stage-drive device 23. 

Figs. 3(a) and (b) are diagrams illustrating the probe needles of 
the first application example of this invention. ~ Figure (a) is a 
side view, while (b) shows a frontal view. 

In (a), contact 22c has multiple protrusions 22d that seem to dig 
into semiconductor chip 25 's pad electrode 25a. And, in (b) con- 
tact 22c has a cross section that is rectangular so that it can 
simultaneously contact three of semiconductor chip 25 ! s pad 
electrodes 25a. 

Also, as the material for contact 22a, I use such soft metals as 
BeCu or Pd- These are used because plating the LSI chips' 
electrodes with Au (gold) or lead (Pd) serves to reduce' their 
contact resistance. 

Moreover, pad electrodes 25a for this application example of the 
invention are what supply power; and I arrayed three pad 
electrodes for inputting signals. Also, they connectto internal 
power lines L in semiconductor chip 25. 

These, then, make up the semiconductor IC-testing device for this 
example of this invention. 



Next I will exp. „n the operation of the tel-jjig device of this 
application example of the invention. 

First, before semiconductor IC testing, one mounts semiconductor- — 
chic 25 on the stage, setting it in a level position. At this 
point, the stage-drive device is controlled by first control 
signal Si from test-control device 24. 

Next, the horizontally set stage is moved on two axes to position 
probe needle 22b vertically above pad electrode 25a of a certain 
LSI chip. At this time, contact detectors net shown in the fig- 
ure detect contact between pad electrode 25a and probe needle 
22b. 3y inputting the said detection signal, test-control device 
24 halts stage-drive device 23. 

This enables contact 22c to make contact with (dig into) cad 
electrode 25a. 

After that, just as in the usual case, a second control signal S2 
is output from test-control device 24 to semiconductor-test logic 
circuit 21; and — based on the said second control signal S2 — the 
LSI chip's logic testing and operating tests are rur/ through. 

For instance, when the LSI chip has an ECL circuit, test voltage 
is impressed from semiconductor-testing logic circuit 21 to pad 
electrode 25a. The voltage resulting from that test is input 
from other pad electrodes to semiconductor-testing logic circuit 
21. This enables one to judge whether the said LSI chip is good 
or not. 

This is how contact 22c of probe needle 22b is used in its square 
cross-section form and protrusions 22d on its obverse side are 
put to use in the first application example of this invention. 

So, whereas the usual probe needle has a single point of contact, 
due to the protrusions 22d multiplely installed on contact 22c, 
multiple contacts can be made by" the said contact 22c with semi- 
conductor chip 25 f s pad electrode 25a. Hence, compared to the 
usual case, the contact area is larger and contact resistance is 
reduced, thus making it possible to reduce contact drop-off. 

This in turn enables one to test ECL circuits in semiconductor 
chip 25 with good precision. 

(ii) Explanation of second application example 

Figures 4 (a) and (b) are diagrams illustrating the probe needle 
for the second application example of this invention, with (a) 
being a side-view and (b) being a frontal-view diagram for this 
example. 

In (a) and (b) this second application exaiaple differs from the 
first example in that protrusions 22d are not installed on con- 
tact 22e. Furthermore, whereas the first application example's 



contact 22c is _ ,elf a probe needle 22b, iif^his second appli- 
cation example I used tungsten for probe needle 22b and BeCu or 
Pd for contact 22e. 

The other components are the same as in the first abdication 
example and are omitted from this explanation. 

With the second application example thus constituted, contact 22e 
of probe needle 22b is made with a square cross section, and 
tungsten is used for the arm portion of said probe needle 22b.. 

So, whereas the usual probe needle makes one-point contact, mak- 
ing contact 22e square in cross section enables pad electrode 25a 
of semiconductor chip 25 to make surface ..contact due to its good 
springiness [hardness) . Hence, since the contact area is greater 
than in the first example, contact resistance is considerably 
reduced, and it therefore becomes possible to reduce such things 
as contact drop-off . 

Thus, just as with the first application example, one can conduct 
tests of semiconductor chip 25 with good precision. 

(iii) Explanation of third application example 

Figures 5(a) and (b) are diagrams illustrating the probe needle 
for the third application example of this invention/, with (a) 
giving the side view and (b) showing a frontal view. 

What differs here from the first and second apolication examples 
is that, whereas probe needle 22b of the first" application exam- 
ple was made of the same material as contact 22c" here in the 
third example I used tungsten for the arm part of probe needle 
22b as in the second example and used BeCu" and ?d " for contact 
22f while putting protrusions 22d on each. 

Thereby, the probe needle it shares with the first and second 
application examples enables one to do such tests as functional 
and operational testing of the ECL circuits in semiconductor chip 
25 with good precision. 

In this way, with application examples 1, 2 and 3, contacts 22c, 
22e and 22f continuously contact three pad electrodes 25a of 
semiconductor chip 25- 

Because of this, although three probe needles 22b in the usual 
case are connected to a common power source, one can avoid the 
situation of probe needles 22b and pad electrodes having to 
correspond one on one. Hence, combining probe needles 22b which 
usually are connected to a common power source into a single 
square probe needle lets one make the cross section larger than 
in the usual case. This in turn can reduce the self-parasitic 
resistance for the square probe needle and enables one to reduce 
voltage drop-offs caused by said parasitic resistance. 
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This enables one to further reduce contact droo-off compared to 
the usual testing device and to conduct semiconductor IC testinc 
with good precision. * 

Invention's effectiveness 

As explained above, with this invention one can achieve multi- 
point contact or surface contact between the test object's pad 
electrodes and probe needle with a scuare cross-section or having 
protrusions on the obverse sice. 

Because of the good electrical contact conditions thus possible 
between probe needles and pad electrodes, one car. reduce contact 
drop-off in the test object's measuring voltage ar.c eliminate 
mi s judgments due to input margin shortages of the test body? 

Thus, it contributes greatly to manufacturing semiconductor IO 
testing devices of high reliability. 

4. Simple explanation of figures 

Figure 1 is a diagram of the principle for this invention's 
semiconductor IC-testing device. 

Figure 2 diagrams the makeup of the first application esamole of 
this invention's semiconductor IC-testing device. 

Figures 3(a) and (b) are diagrams illustrating the probe needle 
for this invention's first application example. 

Figures 4(a) and (b) are diagrams illustrating the probe needle 
for this invention's second application example- 
Figures 5(a) and (b) are diagrams illustrating the probe needle 
for this invention's third application example. 

Figure 6 diagrams the makeup for the usual semiconductor IC- 
testing device. 

Figures 7(a) and (b) are diagrams illustrating the problems of 
the usual case. 

Explanation of Key Symbols 

I . . . . Semiconductor test-processing ciruit 
2a . . . Probe body 

2b ... Multiple probe needles 

3 .... Stage-drive device 

4 .... Test-control device 

5 .... Semiconductor device 
5a ... Pad electrode 

II ... Means for semiconductor test processing 
12 ... Group of measuring electrodes 

12a . Contact 



13 ... Stage-di ; means 

14 . . . Test-control means 

15 . . . Test object 

21 , . , Semiconductor-testing logic circuit 

22 . . . Probe card 
22b . . Probe needle 
22c • , Contact 

22d . . Protrusions 
22e . . Contact 
22 f . . Contact 

23 ... Stage-drive device 

24 ... Test-control device 

25 ... Semiconductor chip 
25a Pad electrode 
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PURPOSE: To improve the operability by dividing data check logics into groups 
by analysis items and retrieving combinations of data check logics, whose dis- 
crimination results contradict each other, out of these data check logics to 
dissolve contradictions. 6 

CONSTITUTION: . Combinations of logics (whose contradictions may be detected 
by a contradiction detecting part 5) are detected from data check logics (input- 
ted to a data check logic register part 4) and are outputted to an input/output 
device 9, and contradiction dissolution data is stored in a contradiction dissolu- 
tion information setting part 6. A communication processing part 3 reads out 
check data from an automatic analyzer 1 or the device 9, and a data check 
processing part 7 checks data by data check logics. A contradiction dissolving 
part g refers to contradiction dissolution information stored in the setting part 
6 to dissolve contradictions with respec: to data check results. Since 
combinations of data check logics which may contradict each other out of 
individual data check logics are automatically discriminated, it is unnecessary 
to verify individual data check logics and the operability is improved 



(54) FLOW VELOCITY SENSOR 
(11) 3-53170 (A) (43) 7.3.1991 (19) JP 
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PURPOSE: To prevent the damage of a flow velocity sensor chip and a wire 
bond by attaching pins around the flow velocity sensor chip on a 'substrate 
without disturbing the current of a fluid to be measured. 

CONSTITUTION: Through holes of the substrate the pierced by pins 5 and the 
height of projection of pins 5' from the surface of the substrate is made properly 
higher than that of a wire bond 3. Since pins 5' are arranged in parallel with 
the current direction of an arrow 6 and do not exist in the front of a chip 
2. the current of the fluid to be measured is not disturbed by attachment of 
pins 5, and detection of the flow velocity is not affected. The chip 2 and the 
wire bond 3 are protected by pins 5' and are hardly damaged though a flow 
velocity sensor is dropped. 



v (54) SEMICONDUCTOR INTEGRATED CIRCUIT TESTING DEVICE / 
(11) 3-53171 (A) (43) 7.3.1991 (19) JP ' ^ CsrW**UK<<i 

(21) Appl. No. 64-187721 (22) 20.7.1989 ' 
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PURPOSE: To improve accuracy in test by making the cross-sectional shape 
ol the contactor of a measuring electrode group square or providing plural 

rnv P c° JeCti0nS ° n lhe surface t0 be contacted of the contactor. 

CONSTITUTION: By making the cross-sectional shape of the contactor 12a of 
the measuring electrode group 12 square, the electrode 15a to be contacted 
is made to plane-contact with the contactor 12a so as to reduce contact resis- 
tance. Otherwise, plural projections are provided on the surface to be contacted 
of the contactor 12a and the electrode 15a is made to multipoint-contact with 
he contactor 12a so as to reduce the contact resistance, thereby performing 
the test with high accuracy. 
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Abridged Translation of Citation (1) 
Detailed Explanation of the Invention 

Figs. 3(a) and 3(b) illustrates a probe stylus related 
to the first embodiment of the present invention. Fig. 3(a) 
is a side view, whereas Fig. 3(b) is a front view. 

In Fig. 3(a), a contact element 22C has a plurality 
of projecting portions 22d to be bitten into a pad electrode 
25a on a semiconductor chip 25. Also, in Fig. 3(b), the 
cross section of the contact element 22C is rectangular and 
can simultaneously contact three pad electrodes 25a on the 
semiconductor chip 25 . 



